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ABSTRACT
Objectives: To describe laboratory abnormalities among HIV-infected women and their infants with 
standard and increased lopinavir/ritonavir (LPV/r) dosing during the third trimester of pregnancy. 
Methods: We evaluated data on pregnant women from NISDI cohorts (2002-2009) enrolled in Bra-
zil, who received at least 28 days of LPV/r during the third pregnancy trimester and gave birth to 
singleton infants. Results: 164 women received LPV/r standard dosing [(798/198 or 800/200 mg/
day) (Group 1)] and 70 increased dosing [(> 800/200 mg/day) (Group 2)]. Group 1 was more likely 
to have advanced clinical disease and to use ARVs for treatment, and less likely to have CD4 counts 
≥ 500 cells/mm3. Mean plasma viral load was higher in Group 2. There were statistically signifi-
cant, but not clinically meaningful, differences between groups in mean AST, ALT, cholesterol, and 
triglycerides. The proportion of women with Grade 3 or 4 adverse events was very low, with no 
statistically significant differences between groups in severe adverse events related to ALT, AST, total 
bilirubin, cholesterol, or triglycerides. There were statistically significant, but not clinically meaning-
ful, differences between infant groups in ALT and creatinine. The proportion of infants with Grade 
3 or 4 adverse events was very low, and there were no statistically significant differences in severe 
adverse events related to ALT, AST, BUN, or creatinine. Conclusion: The proportions of women and 
infants with severe laboratory adverse events were very low. Increased LPV/r dosing during the third 
trimester of pregnancy appears to be safe for HIV-infected women and their infants. 
Keywords: pregnancy; HIV; HIV protease inhibitors; drug toxicity.
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INTRODUCTION
Mother-to-child transmission (MTCT) is the 
primary means by which children acquire HIV 
infection. Development and implementation 
of efficacious interventions to prevent MTCT 
(including antiretroviral [ARV] prophylaxis, 
cesarean section before labor and before rup-
ture of membranes, and complete avoidance of 
breastfeeding), along with use of antiretroviral 
treatment by HIV-infected pregnant women 
who meet criteria for treatment, have resulted 
in the virtual elimination of MTCT in several 
areas of the world.1 
Several national guidelines recommend 
combination antiretroviral regimens for pre-
vention of MTCT of HIV and for the treat-
ment of maternal HIV infection itself.2-4 The 
combination of zidovudine (ZDV), lamivudine 
(3TC), and lopinavir/ritonavir (LPV/r) has be-
come a common ARV regimen for prevention 
of MTCT of HIV in Brazil and other countries.
In our analysis of data from The Eunice 
Kennedy Shriver National Institute of Child 
Health and Human Development (NICHD) 
International Site Development Initiative 
(NISDI) Perinatal Protocol, we examined the 
association between maternal ARV regimens 
used during pregnancy and infant preterm 
birth and low birth weight.5 Although use of 
a protease inhibitor-containing regimen dur-
ing pregnancy was not associated with an in-
creased risk of these adverse infant outcomes, 
we emphasized the importance of monitoring 
HIV-infected women and their children for 
potential adverse events associated with ma-
ternal use of ARVs during pregnancy. Recent-
ly, McArthur et al.6 reported twin preterm ne-
onates with cardiac toxicity related to LPV/r. 
The twins were born preterm (32 weeks gesta-
tion) to an HIV-infected mother. One of them 
developed complete heart block and dilated 
cardiomiopathy, while the other developed 
mild bradycardia.
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During pregnancy, changes in drug pharmacoki-
netics are induced through physiological variations.7-12 
Increased progesterone levels tend to affect drug absorp-
tion, which also may be impaired by higher gastric pH. 
Drug distribution is modified by elevated body water and 
fat, while increased renal blood flow may enhance the 
clearance of some drugs. Plasma albumin and alpha-acid 
glycoprotein concentrations are decreased, potentially af-
fecting protein binding. There may be concomitantly in-
creased distribution, metabolism and excretion.13 Finally, 
the expression of cytochrome P-450 is highly variable 
during pregnancy,14 with potential consequences for the 
metabolism of many drugs, including protease inhibitors 
(PIs). Transplacental passage of PIs is generally low and 
cord blood PI concentrations are undetectable in most in-
fants born to mothers receiving PIs.15
Plasma concentrations of LPV/r are reduced dur-
ing the third trimester of gestation [Area Under the 
Curve (AUC) and trough levels (Cmin)].7-10,12 Thus, an in-
crease in LPV/r dose during the third trimester for both 
LPV/r-experienced and -naïve HIV-infected pregnant 
women or serum therapeutic drug monitoring (TDM)2-
3,12 have been endorsed by some experts. In a recent 
United States-based study, Best et al.16 suggested that the 
higher LPV/r dose should be used in second and third 
trimester pregnant women, especially those who are 
PI-experienced, and that postpartum LPV/r dosing can 
be reduced to standard dosing within two weeks after de-
livery. However, higher dosing during the third trimester 
could be associated with the development of toxicities af-
fecting both mother and infant, leading to lower adher-
ence. There is limited information regarding maternal 
and infant adverse events with higher third trimester dos-
ing. The objective of this study was to describe the occur-
rence of laboratory adverse events according to standard 
and increased LPV/r dosing during the third trimester of 
pregnancy in HIV-infected women and their infants.
MATERIAL AND METHODS
The study population comprised HIV-infected preg-
nant women enrolled in the Eunice Kennedy Shriver 
National Institute of Child Health and Human Develop-
ment (NICHD) International Site Development Initiative 
(NISDI) Perinatal or Longitudinal Study in Latin American 
Countries (LILAC) protocols, who received LPV/r during 
the third trimester of pregnancy, and their infants. The 
NISDI Perinatal and NISDI LILAC protocols are prospec-
tive cohort studies that enrolled HIV-infected pregnant 
women and their infants at multiple sites in Argentina, the 
Bahamas, Brazil, Jamaica, Mexico, and Peru beginning in 
2002 (NISDI Perinatal) and in 2008 (NISDI LILAC).17 Par-
ticipant follow-up continued for at least six months a! er 
delivery/birth (last maternal laboratory assays obtained 
at 6-12 weeks postpartum in the NISDI Perinatal Proto-
col). Choice and dosing of ARVs was at the discretion of 
each subject’s physician. All women enrolled in the stud-
ies provided written informed consent, and the protocols 
were approved at local institutional review boards (IRBs), 
as well as the IRBs at NICHD and Westat.
Since the majority (61%) of the NISDI/LILAC enroll-
ments occurred in Brazil and few subjects at sites in the 
other countries used increased dosing of LPV/r, data were 
only analyzed for participants from Brazil. Other inclusion 
criteria were: enrolled through December 31st, 2009; first 
on-study pregnancy; known pregnancy outcome that was 
a singleton birth; reached the third trimester of pregnancy; 
used LPV/r in the third trimester for at least 28 days; and 
received LPV/r standard [798/198 mg/day (so!  gel cap-
sules) or 800/200 mg/day (hard capsules)] or increased 
doses (> 800/200 mg/day) during the third trimester.
Maternal and infant adverse events were assessed ac-
cording to standard or increased LPV/r dosages dur-
ing the third trimester. Statistical analyses for categorical 
comparisons were performed using the Fisher’s exact test 
and the Student’s t test for comparison of means. Analyses 
were performed using SAS statistical so! ware version 9.1; 
p-values < 0.05 were considered to be significant.
RESULTS
Overall, 1,630 pregnancies occurred among women en-
rolled in the cohorts through the end of 2009, 1,000 of 
whom were from Brazil. Of these, 966 women were enrolled 
for the first time and had known pregnancy outcomes. Of 
the 966 subjects, 944 used ARVs during the third trimes-
ter of pregnancy and had singleton births. Of these, 291 
used LPV/r during the third trimester, and 234 subjects 
received standard or increased doses of LPV/r for at least 
28 days. Therefore, the study population comprised 234 
HIV-infected women and their infants. Of the 234 women, 
164 (70.1%) used standard LPV/r dosing (Group 1) (medi-
an duration of use: 76 days) and 70 (29.9%) used increased 
dosing (Group 2) (median duration of use: 67 days).
Maternal variables are presented in Tables 1 and 2. Moth-
ers in Group 1 were older than those in Group 2 (p = 0.002). 
A larger proportion of women in Group 1 compared to 
Group 2 were classified as CDC clinical disease stage B/C 
at both enrollment and hospital discharge (p = 0.0008 and 
p = 0.002, respectively). A larger proportion of mothers 
in Group 1 received ARVs for treatment (vs. prophylaxis) 
than in Group 2 (p = 0.02). A smaller proportion of women 
in Group 1 than Group 2 had CD4 counts of 500 cells/mm3 
or more at enrollment (p = 0.04) (Table 1). Although the 
proportion of subjects with a CD4 count at enrollment of 
500 cells/mm3 or more differed by group, the mean CD4 
count did not differ between groups at enrollment or at 
hospital discharge (p > 0.2) (Table 2), and, although the 
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Table 1. Maternal categorical variables by LPV/r dosing group
  Standard dosing Increased dosing  
 Characteristic (Group 1)  (Group 2) p-value 
  n = 164 (%) n = 70 (%)
Age at delivery (years)
	 ≤	29	 80	(48.8)	 50	(71.4)	
0.002
 >29 84 (51.2) 20 (28.6)
Education (completed years)
 0-6 54 (32.9) 23 (32.9) 
1.00
 7+ 110 (67.1) 47 (67.1) 
Number of people in household
 1-3 79 (48.2) 36 (51.4) 
0.67
	 ≥	4	 85	(51.8)	 34	(48.6)
Gainful employment outside the home
 Yes 65 (39.6) 20 (28.6) 
0.14
 No  99 (60.4) 50 (71.4)
Tobacco use during pregnancy
 Yes 47 (28.7) 21 (30.0) 
0.88
 No 117 (71.3) 49 (70.0)
Alcohol use during pregnancy
 Yes 35 (21.3) 11 (15.7) 
0.37
 No 129 (78.7) 59 (84.3)
Cocaine use during pregnancy
 Yes 8 (4.9) 1 (1.4) 
0.29
 No 156 (95.1) 69 (98.6)
Marijuana use during pregnancy
 Yes 5 (3.0) 3 (4.3) 
0.70
 No 159 (97.0) 67 (95.7)
Any substance use during pregnancy
 Yes 63 (38.4) 25 (35.7) 
0.77
 No 101 (61.6) 45 (64.3)
CDC clinical disease stage at enrollment
 A  129 (78.7) 67 (95.7) 
0.0008
 B or C  35 (21.3) 3 (4.3)
CDC clinical disease stage at hospital discharge
 A  128 (78.0) 66 (94.3) 
0.0021
 B or C 36 (22.0) 4 (5.7)
Reason for ARV use during pregnancy
 Prophylaxis  71 (45.5) 43 (62.3)
 Treatment  85 (54.5) 26 (37.7) 0.02
 Missing* 8 1
CD4 count at enrollment (cells/mm3)
 <500 100 (61.0) 32 (45.7) 
0.04
	 ≥500	 64	(39.0)	 38	(54.3)
CD4 count at hospital discharge (cells/mm3)
 <500 75 (46.9) 26 (40.6)
	 ≥500	 85	(53.1)	 38	(59.4)	 0.46
 Missing* 4 6
Plasma viral load at enrollment (copies/mL)
 < 1,000 112 (71.8) 53 (75.7) 
	 ≥	1,000	 44	(28.2)	 17	(24.3)	 0.63
 Missing* 8 0
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Table 1. Maternal categorical variables by LPV/r dosing group
  Standard dosing Increased dosing  
 Characteristic (Group 1)  (Group 2) p-value 
  n = 164 (%) n = 70 (%)
Plasma viral load at hospital discharge (copies/mL)
 < 1,000 137 (87.8) 53 (84.1)
	 ≥	1,000	 19	(12.2)	 10	(15.9)	 0.51
 Missing* 8 7
CD4 count increase (enrollment to hospital discharge)  
(cells/mm3)
 Yes 109 (68.1) 47 (73.4)
 No  51 (31.9) 17 (26.6) 0.52
 Missing* 4 6
Plasma viral load decrease (enrollment to hospital discharge)  
(copies/mL)
 Yes 48 (31.6) 22 (34.9)
 No 104 (68.4) 41 (65.1) 0.64
 Missing* 12 7
ALT at enrollment (IU/L)
	 ≤	Grade	2		 162	(100.0)	 70	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 2 0
ALT at 6-12 weeks postpartum (IU/L)
	 ≤	Grade	2	 161	(99.4)	 68	(100.0)
 Grade 3/4 1 (0.6) 0 (0.0) 1.00
 Missing* 2 2
AST at enrollment (IU/L)
	 ≤	Grade	2	 162	(100.0)	 70	(100.0)	
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 2 0
AST at 6-12 weeks postpartum (IU/L)
	 ≤	Grade	2	 161	(99.4)	 68	(100.0)
 Grade 3/4 1 (0.6) 0 (0.0) 1.00
 Missing* 2 2
Total bilirubin at enrollment (mg/dL)
	 ≤	Grade	2	 160	(100.0)	 70	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 4 0
Total bilirubin at 6-12 weeks postpartum (mg/dL)
	 ≤	Grade	2	 161	(100.0)	 67	(98.5)
 Grade 3/4 0 (0.0) 1 (1.5) 0.30
 Missing* 3 2
Cholesterol at enrollment (mg/dL)
	 ≤	Grade	2	 158	(97.5)	 64	(91.4)
 Grade 3/4 4 (2.5) 6 (8.6) 0.07
 Missing* 2 0
Cholesterol at 6-12 weeks postpartum (mg/dL)
	 ≤	Grade	2	 157	(96.9)	 68	(100.0)
 Grade 3/4 5 (3.1) 0 (0.0) 0.32
 Missing* 2 2
Triglycerides at enrollment (mg/dL)
	 ≤	Grade	2	 161	(99.4)	 70	(100.0)
 Grade 3/4 1 (0.6) 0 (0.0) 1.00
 Missing* 2 0
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Table 2. Maternal continuous variables by LPV/r dosing group
 Standard dosing Increased dosing  
Characteristic (Group 1) (Group 2) p-value 
 Mean (SD) Mean (SD)
Age at delivery (years) 29.6 (5.5) 27.1 (6.4) 0.004
CD4 count at enrollment (cells/mm3) 486.1 (292.7) 535.4 (303.9) 0.24
CD4 count at hospital discharge (cells/mm3)  559.6 (292.0) 605.8 (307.5) 0.29
Log HIV RNA at enrollment (copies/mL) 2.6 (1.0) 3.0 (0.7) 0.007
Log HIV RNA at hospital discharge (copies/mL) 2.3 (0.8) 2.8 (0.7) 0.0002
ALT at enrollment (IU/L) 15.8 (14.9) 14.1 (11) 0.34
ALT at 6-12 weeks postpartum (IU/L) 24.1 (22.7) 17.2 (9.0)  0.001
AST at enrollment (IU/L) 21.5 (19.4) 19.6 (9.5) 0.32
AST at 6-12 weeks postpartum (IU/L) 26.4 (33.6) 19.9 (6.5) 0.02
Total bilirubin at enrollment (mg/dL) 0.5 (0.3) 0.5 (0.3) 0.63
Total bilirubin at 6-12 weeks postpartum (mg/dL) 0.5 (0.3) 0.6 (0.6) 0.72
Cholesterol at enrollment (mg/dL) 204.5 (42.1) 220.4 (53.2) 0.03
Cholesterol at 6-12 weeks postpartum (mg/dL) 186.8 (46.3) 178.6 (37.1) 0.15
Triglycerides at enrollment (mg/dL) 231.6 (106.4) 235.4 (93) 0.80
Triglycerides at 6-12 weeks postpartum (mg/dL) 152.6 (77.7) 125.5 (63.5) 0.01
p-values calculated using Student’s t test for comparison of means.
Table 1. Maternal categorical variables by LPV/r dosing group
Characteristic Standard dosing Increased dosing  
  (Group 1)  (Group 2) p-value 
  n = 164 (%) n = 70 (%)
Triglycerides at 6-12 weeks postpartum (mg/dL)
	 ≤	Grade	2	 162	(100.0)	 68	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 2 2
p-values calculated using Fisher’s exact test; * missing data; NC, not calculated.
mean plasma viral load was significantly higher in Group 
2 at enrollment (p = 0.007) and at the hospital discharge 
(p = 0.0002) (Table 2), there were no statistically significant 
differences in the percentages of subjects with viral loads 
≥ 1,000 copies/mL at enrollment or at hospital discharge. 
Similarly, the percentage of subjects whose plasma viral 
load decreased from enrollment to hospital discharge was 
not different between groups (Table 1). 
At enrollment, women in Group 2 had higher mean cho-
lesterol values (p = 0.03). At 6-12 weeks postpartum, women 
in Group 1 had higher mean alanine aminotransferase (ALT) 
(p = 0.001), aspartate aminotransferase (AST) (p = 0.02), and 
triglyceride (p = 0.01) values (Table 2). The overall propor-
tion of women with Grade 3 or 4 adverse events was very low 
(!  1.5%, except cholesterol 8.6%), and there were no statisti-
cally significant differences between the proportions of women 
in each group with Grade 3 or 4 adverse events related to ALT, 
AST, total bilirubin, cholesterol, or triglycerides (Table 1). 
Infant variables are shown in Tables 3 and 4. There 
were no statistically significant differences in gesta-
tional age, birth weight, gender, or HIV infection sta-
tus according to standard versus increased dose of LPV/r 
(Table 3). As shown in Table 4, infants born to mothers in 
Group 1 had significantly higher mean ALT values at birth 
(p = 0.0006), and creatinine values at birth and at 6-12 weeks 
(p < 0.0001). The overall proportion of infants with Grade 3 or 
4 adverse events was very low (!  1.9%), and there were no sta-
tistically significant differences in the proportions of infants 
in each group with Grade 3 or 4 adverse events related to ALT, 
AST, blood urea nitrogen (BUN), or creatinine (Table 3). 
Peixoto, Pilotto, Stoszek et al.
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Table 3. Infant categorical variables by maternal LPV/r dosing group
Characteristic Standard dosing Increased dosing  
  (Group 1)  (Group 2) p-value 
  n = 164 (%) n = 70 (%)
Gestational age at birth (completed weeks)
 <37  16 (9.8) 6 (8.7)
	 ≥37		 147	(90.2)	 63	(91.3)	 1.00
 Missing* 1 1
Birth weight (grams)
 <2,500  33 (20.2) 11 (15.9)
	 ≥2,500		 130	(79.8)	 58	(84.1)	 0.58
 Missing* 1 1
Gender
 Female 77 (47.2) 32 (46.4)
 Male 86 (52.8) 37 (53.6) 1.00
 Missing* 1 1
HIV infection status
 Infected 1 (0.6) 0 (0.0)
 Uninfected 129 (79.6) 56 (81.2)
 1.00
 Indeterminate 32 (19.8) 13 (18.8)
 Missing* 2 1
ALT at birth (IU/L)
	 ≤	Grade	2	 158	(100.0)	 63	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 6 7
ALT at 6-12 weeks of age (IU/L)
	 ≤	Grade	2	 159	(98.8)	 63	(98.4)
 Grade 3/4 2 (1.2) 1 (1.6) 1.00
 Missing* 3 6
AST at birth (IU/L)
	 ≤	Grade	2	 155	(98.1)	 61	(98.4)
 Grade 3/4 3 (1.9) 1 (1.6) 1.00
 Missing* 6 8
AST at 6-12 weeks of age (IU/L)
	 ≤	Grade	2	 160	(99.4)	 64	(100.0)
 Grade 3/4 1 (0.6) 0 (0.0) 1.00
 Missing* 3 6
BUN at birth (mg/dL)
	 ≤	Grade	2	 124	(100.0)	 61	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 40 9
BUN at 6-12 weeks of age (mg/dL)
	 ≤	Grade	2	 125	(98.4)	 62	(100.0)
 Grade 3/4 2 (1.6) 0 (0.0) 1.00
 Missing* 37 8
Creatinine at birth (mg/dL)
	 ≤	Grade	2	 125	(100.0)	 60	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 39 10
Lopinavir/ritonavir in pregnancy
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Table 3. Infant categorical variables by maternal LPV/r dosing group
Characteristic Standard dosing Increased dosing  
  (Group 1)  (Group 2) p-value 
  n = 164 (%) n = 70 (%)
Creatinine at 6-12 weeks of age (mg/dL)
	 ≤	Grade	2	 127	(100.0)	 62	(100.0)
 Grade 3/4 0 (0.0) 0 (0.0) NC
 Missing* 37 8
p-values calculated using Fisher’s exact test; * missing data; NC, not calculated.
Table 4. Infant continuous variables by LPV/r dosing group
Characteristic Standard dosing Increased dosing  
 (Group 1) (Group 2) p-value 
 Mean (SD) Mean (SD)
ALT at birth (IU/L) 19.0 (9.4) 15.4 (5.9) 0.0006
ALT at 6-12 weeks of age (IU/L) 35.8 (35.9) 28.6 (33.5) 0.16
AST at birth (IU/L) 65.0 (36.5) 59.1 (29.4) 0.26
AST at 6-12 weeks of age (IU/L) 43.5 (26.6) 40.3 (22.9) 0.40
BUN at birth (mg/dL) 9.3 (6.6) 9.7 (7.0) 0.76
BUN at 6-12 weeks of age (mg/dL) 13.3 (9.3) 14.7 (9.8) 0.33
Creatinine at birth (mg/dL) 0.7 (0.2) 0.5 (0.2) < 0.0001
Creatinine at 6-12 weeks of age (mg/dL) 0.4 (0.1) 0.3 (0.1) < 0.0001
p-values calculated using Student’s t test for comparison of means.
DISCUSSION
Since most studies of LPV/r have been performed in re-
source-rich settings, among ARV-naïve, non-pregnant 
adults or ARV-experienced subjects, extrapolation to other 
populations may be limited by differences in genetics, diet, 
concomitant comorbidities, and other factors. For this rea-
son, we undertook this analysis of laboratory adverse events 
among HIV-infected pregnant women and their infants in 
Brazil according to LPV/r dosing during the third trimes-
ter of pregnancy. In this analysis, most women (70.1%) used 
standard LPV/r dosing during the third trimester of preg-
nancy and the median duration of use of either standard 
or increased dosing of LPV/r was over two months. Wom-
en in the standard dosing group were more likely to have 
more advanced clinical disease and to have used ARVs 
for treatment. They were less likely to have CD4 counts 
of 500 cells/mm3 or more. The mean plasma viral load was 
higher in the increased dosing group. Although there were 
statistically significant differences between groups in terms 
of mean AST, ALT, cholesterol, and triglyceride values, none 
of these differences were clinically meaningful. The over-
all proportion of women with Grade 3 or 4 adverse events 
was very low, and there were no statistically significant dif-
ferences in the proportions of women in each group with 
severe adverse events related to ALT, AST, total bilirubin, 
cholesterol, or triglycerides. Although there were statisti-
cally significant differences between infant groups in terms 
of ALT and creatinine values, none of these differences were 
clinically meaningful. The overall proportion of infants with 
Grade 3 or 4 adverse events was very low, and there were 
no statistically significant differences in the proportions of 
infants in each group with severe adverse events related to 
ALT, AST, BUN, or creatinine. 
Lipid abnormalities and elevations in liver enzyme con-
centrations have been associated with use of LPV/r. Like 
other PIs, LPV/r may cause significant lipid elevations and 
fat redistribution. Hypertriglyceridemia and hypercholes-
terolemia were the most frequently observed laboratory ab-
normalities in LPV/r recipients in clinical trials and may be 
the reason for discontinuation of therapy in some HAART-
experienced patients.18 Increases in total cholesterol and 
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triglycerides are seen within the first month of starting 
therapy and are relatively stable after this time.19 Total 
Grade 3 and 4 cholesterol and triglyceride elevations ap-
pear to occur more frequently in PI-experienced than in 
PI-naive LPV/r-treated patients. Some trials have found 
that the lipid derangements caused by LPV/r were more 
severe than those caused by other PIs such as atazanavir, 
atazanavir/ritonavir, or nelfinavir,20,21 but other trials re-
ported similar elevations in triglycerides and cholesterol in 
LPV/r recipients as compared to subjects receiving other 
PIs.22 PIs including LPV/r have been associated with insu-
lin resistance, new onset diabetes, and worsening of pre-
existing diabetes requiring hypoglycemic agents in some 
patients. LPV/r can cause transient elevations in transami-
nase levels, but these are usually not clinically meaningful. 
The incidence of severe hepatic events in patients receiv-
ing LPV/r is very low. Hepatitis C coinfection and baseline 
elevations in transaminases may be associated with severe 
liver events in LPV/r recipients.23 Robbins et al.24 published 
data showing that doses of LPV/r higher than those cur-
rently approved by the FDA are safe and well tolerated for 
up to 48 weeks in children and adolescents with HIV infec-
tion. There was no significant increase in plasma triglycer-
ides, and while there was an initial statistically significant 
increase in cholesterol, this was of modest size and did not 
worsen over the course of the study. There was no evidence 
of hepatic or cardiac toxicity with these higher doses. 
A French study explored whether LPV/r exposure dur-
ing pregnancy was associated with adverse outcomes.25 
For each HIV-infected woman, two uninfected women 
matched by age, parity and geographical origin were selected 
among patients delivering during the same period. Rates of 
placental complications and gestational glucose intolerance 
were not higher among HIV-infected women than in con-
trols. However, the rate of preterm birth was higher among 
HIV-infected women (21%) than among controls (10%) 
(p < 0.01). 
One of the strengths of our study is that it is a large mul-
ticenter cohort that includes prospectively collected data. 
Women and children were enrolled and followed at the same 
health care facility at each site, where they received primary 
HIV and other medical care, and it is unlikely that any im-
portant clinical and laboratory events were missed among 
those retained in care. The observational study design is a 
limitation, in that women were prescribed LPV/r standard 
dose vs. higher dose by their physicians (and not by rand-
omization). In addition, the women enrolled in Group 1 on 
average were older, more likely to be using ARVs for treat-
ment (rather than prophylaxis), and appeared to have more 
advanced HIV disease (more women at CDC clinical dis-
ease stage B/C at both enrollment and hospital discharge) 
than women in Group 2. However, given the low adverse 
event rates for both mothers and infants in the entire study 
population, these baseline differences between the two dose 
groups are unlikely to affect the main findings of our analy-
sis. Finally, adherence data were not collected as part of the 
Perinatal Protocol (2002-2007, but were during the LILAC 
Protocol (2008-current). 
In summary, in this population of HIV-infected 
women and their infants in Brazil, the proportions of 
subjects with severe laboratory adverse events were very 
low. These results suggest that increased LPV/r dosing 
during the third trimester of pregnancy is safe for both 
HIV-infected women and their infants. Further assess-
ments of LPV/r dosing during pregnancy and maternal/
infant adverse events are warranted.
Acknowledgement
The NISDI Perinatal Protocol Study Group:
Principal investigators, co-principal investigators, study 
coordinators, coordinating center representatives, and 
NICHD staff include: Argentina: Buenos Aires: Marcelo H. 
Losso, Irene Foradori, Claudia Checa, Silvina Ivalo (Hos-
pital General de Agudos José María Ramos Mejía); Brazil: 
Belo Horizonte: Jorge Pinto, Victor Melo, Fabiana Kakehasi 
(Universidade Federal de Minas Gerais); Caxias do Sul: 
Ricardo da Silva de Souza, Nicole Golin, Sílvia Mariani Cos-
tamilan (Universidade de Caxias do Sul/ Serviço Municipal 
de Infectologia); Nova Iguaçu: Jose Pilotto, Beatriz Grinsz-
tejn, Valdilea Veloso, Gisely Falco (Hospital Geral Nova de 
Iguacu - HIV Family Care Clinic); Porto Alegre: Ricardo 
da Silva de Souza, Breno Riegel Santos, Rita de Cassia Alves 
Lira (Universidade de Caxias do Sul/Hospital Conceição); 
Ricardo da Silva de Souza, Mario Ferreira Peixoto, Elizabete 
Teles (Universidade de Caxias do Sul/Hospital Fêmina); 
Regis Kreitchmann, Luis Carlos Ribeiro, Fabrizio Motta, 
Debora Fernandes Coelho (Irmandade da Santa Casa de 
Misericordia de Porto Alegre); Ribeirão Preto: Marisa M. 
Mussi-Pinhata, Geraldo Duarte, Adriana A. Tiraboschi 
Bárbaro, Conrado Milani Coutinho, Anderson Sanches 
de Melo (Hospital das Clínicas da Faculdade de Medicina 
de Ribeirão Preto da Universidade de São Paulo); Rio de 
Janeiro: Ricardo Hugo S. Oliveira, Elizabeth S. Machado, 
Maria C. Chermont Sapia (Instituto de Puericultura e Pedia-
tria Martagão Gesteira); Esau Custodio Joao, Leon Claude 
Sidi, Ezequias Martins, Plinio Tostes Berardo (Hospital dos 
Servidores do Estado); São Paulo: Regina Celia de Menezes 
Succi, Prescilla Chow (Universidade Federal de São Paulo); 
Peru: Lima: Jorge Alarcón Villaverde (Instituto de Me-
dicina Tropical “Daniel Alcides Carrión”- Sección de Epi-
demiología, UNMSM), Carlos Velásquez Vásquez (Instituto 
Nacional Materno Perinatal), César Gutiérrez Villafuerte 
(Instituto de Medicina Tropical “Daniel Alcides Carrión”- 
Sección de Epidemiología, UNMSM); Data Management 
and Statistical Center: Yolanda Bertucci, Laura Freimanis 
Hance, René Gonin, D. Robert Harris, Roslyn Hennessey, 
Lopinavir/ritonavir in pregnancy
261Braz J Infect Dis 2011; 15(3):253-261
James Korelitz, Margot Krauss, Sharon Sothern de Sanchez, 
Sonia K. Stoszek (Westat, Rockville, MD, USA); NICHD: 
Rohan Hazra, Lynne Mofenson, Jennifer S. Read, Heather 
Watts, Carol Worrell (Eunice Kennedy Shriver National In-
stitute of Child Health and Human Development, Bethesda, 
Maryland, USA).  Supported by NICHD Contract # N01-
HD-3-3345 (2002-2007) and by NICHD Contract # HH-
SN267200800001C (NICHD Control #: N01-HD-8-0001) 
(2007-2012).  
ReFeRenceS
1.  Read JS. Prevention of mother-to-child transmission of 
HIV. In: Zeichner SL, Read JS (Eds). Textbook of Pediatric HIV 
Care. Cambridge, England: Cambridge University Press, 2005, 
pp. 111-133. 
2.  Programa Nacional de DST e Aids, Ministério da Saúde – 
Brasil. Recomendações para profilaxia da transmissão vertical 
do HIV e terapia anti-retroviral em gestantes. Brasilia, 2009 
(available at http://www.aids.gov.br/data/documents/stored-
Documents/{B8EF5DAF-23AE-4891-AD36-1903553A3174}/
{51A536C6-296A-475C-8A2C-0386FAA9DDD1}/consenso_
gestantes_preliminar.pdf ). (in Portuguese)
3.  Panel on Treatment of HIV-Infected Pregnant Women and 
Prevention of Perinatal Transmission. Recommendations 
for Use of Antiretroviral Drugs in Pregnant HIV-1-Infected 
Women for Maternal Health and Interventions to Reduce Per-
inatal HIV Transmission in the United States. May 24, 2010; 
pp 1-117. (available at http://aidsinfo.nih.gov/ContentFiles/
PerinatalGL.pdf). 
4.  Ministère de la Santé de France. Points forts et Recommanda-
tions Extraits des Recommandations du Groupe d’Experts Rap-
port 2008 « Prise en charge médicale des personnes infectées par 
le VIH » sous la direction du Pr Patrick Yeni, 2008. (available at: 
http://www.sante-sports.gouv.fr/IMG/pdf/Recommandations_
du_groupe_d_experts_2008_-_Points_forts_et_recommanda-
tions.pdf ) (in French)
5.  Szyld EG, Warley EM, Freimanis L et al. for the NISDI Peri-
natal Study Group. Maternal antiretroviral drugs during preg-
nancy and infant low birth weight and preterm birth. AIDS 
2006; 20(18):2345-53. 
6.  McArthur MA, Kalu SU et al. Twin preterm neonates with 
cardiac toxicity related to lopinavir/ritonavir therapy. Pediatr 
Infect Dis J 2009; 28(12):1127-9.
7.  Stek AM, Mirochnick M, Capparelli E et al. Reduced lopinavir 
exposure during pregnancy. AIDS 2006; 20(15):1931-9. 
8.  Baroncelli S, Villani P, Florida M et al. Trough concentrations 
of lopinavir, nelfinavir, and nevirapine with standard dosing in 
human immunodeficiency virus-infected pregnant women re-
ceiving 3-drug combination regimens. Ther Drug Monit 2008; 
0(0):1-7. 
9.  Aweeka FT, Stek A, Best BM et al. Lopinavir protein binding in 
HIV-1-infected pregnant women. HIV Med 2010; 11(4):232-8. 
10.  Manavi K, McDonald A, Al-Sharqui A. Plasma lopinavir 
trough levels in a group of pregnant women on lopinavir, ri-
tonavir, zidovudine and lamivudine. AIDS 2007; 21(5):643-5. 
11.  Gulati A, Boudinot FD, Gerk PM. Binding of lopinavir to 
human alpha 1-acid glycoprotein and serum albumin. Drug 
Metab Dispos 2009; 37(8):1572-5. 
12.  Roustit M, Jlaiel M, Leclercq P, Stanke-Labesque F. Pharma-
cokinetics and therapeutic drug monitoring of antiretrovirals 
in pregnant women. Br J Clin Pharmacol 2008; 66(2):179-95.
13.  Loebstein R, Lalkin A, Koren G. Pharmacokinetic changes 
during pregnancy and their clinical relevance. Clin Pharma-
cokinet 1997; 33:328–43.
14.  Anderson GD. Pregnancy-induced changes in pharmacoki-
netics: a mechanistic-based approach. Clin Pharmacokinet 
2005; 44:989–1008.
15.  Mirochnick, M., Dorenbaum A, Holland D et al. Concentra-
tions of protease inhibitors in cord blood after in utero expo-
sure. Pediatr Infect Dis J 2002; 21(9):835-8.
16.  Best BM, Stek AM, Mirochnick M et al. Lopinavir tablet 
pharmacokinetics with an increased dose during pregnancy. 
J Acquir Immune Defic Syndr 2010; 54(4):381-8.
17.  Read JS, Cahn P, Losso M et al. Management of human 
immunodeficiency virus-infected pregnancy women at 
Latin American and Caribbean sites. Obstet Gynecol 2007; 
109:1358-67.
18.  Bongiovanni M, Cicconi P, Landonio S et al. Predictive fac-
tors of lopinavir/ritonavir discontinuation for drug-related 
toxicity: results from a cohort of 416 multi-experienced 
HIV-infected individuals. Int J Antimicrob Agents 2005; 
26(1):88-91.
19.  Lafeuillade A, Hittinger G, Philip G et al. Metabolic evalua-
tion of HIV-infected patients receiving a regimen containing 
lopinavir/ritonavir (Kaletra). HIV Clin Trials 2004; 5(6):392-8.
20.  Walmsley S, Bernstein B, King M et al. Lopinavir-ritonavir 
versus nelfinavir for the initial treatment of HIV infection. 
N Engl J Med 2002; 346(26):2039-46.
21.  Cohen C, Nieto-Cisneros L, Zala C et al. Comparison of 
atazanavir with lopinavir/ritonavir in patients with prior 
protease inhibitor failure: a randomized multinational trial. 
Curr Med Res Opin 2005; 21(10):1683-92.
22.  Dragsted UB, Gerstoft J, Youle M et al. A randomized trial 
to evaluate lopinavir/ritonavir versus saquinavir/ritonavir in 
HIV-1-infected patients: the MaxCmin2 trial. Antivir Ther 
2005; 10(6):735-43.
23.  Palacios R, Vergara S, Rivero A et al. Low incidence of severe 
liver events in HIV patients with and without hepatitis C or 
B coinfection receiving lopinavir/ritonavir. HIV Clin Trials 
2006; 7(6):319-23.
24.  Robbins BL, Capparelli EV, Chadwick EG et al. Pharma-
cokinetics of high-dose lopinavir-ritonavir with and without 
saquinavir or nonnucleoside reverse transcriptase inhibitors 
in human immunodeficiency virus-infected pediatric and 
adolescent patients previously treated with protease inhibi-
tors. Antimicrob Agents Chemother 2008; 52(9):3276-83.
25.  Azria E, Moutafoff C, Schmitz T et al. Pregnancy outcomes 
in women with HIV type-1 receiving a lopinavir/ritonavir-
containing regimen. Antivir Ther 2009; 14(3):423-32.
Peixoto, Pilotto, Stoszek et al.
